Studies on Intermittent Facing of Metal Matrix Composites Using Cryogenic Treated Carbide Inserts  by Rao, CR Prakash et al.
 Procedia Engineering  97 ( 2014 )  930 – 940 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014
doi: 10.1016/j.proeng.2014.12.369 
ScienceDirect
Available online at www.sciencedirect.com
 
12th GLOBAL CONGRESS ON MANUFACTURING AND MANAGEMENT, GCMM 2014 
Studies on Intermittent Facing of Metal Matrix Composites using 
Cryogenic Treated Carbide Inserts 
Prakash Rao C Ra*, Bhagyashekar M Sb,NarendraViswanathc 
a & c Dept. of Mechanical Engineering, Global Academy of Technology, Bangalore-98 
b Dept. of Mechanical Engineering, RajaRajeswari College of Engineering, Bangalore-74  
Abstract 
Composites made of light materials are of great interest and this material replaces almost all the monolithic materials while 
posing challenges for machining. While machining these composites, the failure of cutting tool is attributed for the presence of 
hard particles in the work materials. Further, cryogenic treated cutting tools are recognized for machining of monolithic 
materials. Thus, present paper presents the results on tool life of cryogenically treated and untreated K10 grade carbide inserts 
while machining Al6061-fly ash composites containing 0-15 percent reinforcement in steps of 5. Intermittent facing operation 
were carried out with the cutting speed of 220m/min, 314m/min & 446m/min, by using the feed rate of 0.06mm/revolution, 
0.12mm/revolution, 0.24mm/revolution with a depth of cut of 2mm following dry machining method. Parametric studies have 
been carried out as per ISO3685 standards. The results reveal that cryogenically treated tungsten carbide inserts exhibits higher 
toughness & improved wear resistance when compared to untreated tungsten carbide inserts.  
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1. Introduction 
Metal matrix composites (MMCs) are gaining much importance among different classes of composites. These 
offer a unique balance of physical and mechanical properties and have received much attention in recent years and 
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are most preferred engineering materials that exhibits higher strength, hardness and wear resistance. Aluminum - fly 
ash composites are dispersion strengthened composite in which soft and ductile aluminum matrix is strengthened by 
 hard and brittle fly ash particles. These are of increasing interest because of their high specific stiffness and 
strength, high isotropic and excellent wear resistance as well as cost effective manufacturing. These have been 
developed for automobile, aerospace, electronic packaging and other structural applications. Fly ash, low density, 
low cost reinforcement available in abundant quantities as solid waste from coal based thermal power plants. Fly ash 
as a reinforcement in to cast and wrought aluminum alloys formulates low weight aluminium alloy–fly ash 
composites. These composites are preferred owing to their lower cost for wide spectrum of applications such as 
highway and runway signs, sliding tracks for windows and doors, automotive parts, industrial furniture, machine 
cover, frames & ducts, etc. These composites can also contribute as an energy savings material and finds newer 
applications with further processing such as machining, these composites are strong at room temperature as well as 
at elevated temperature as compared to that of monolithic matrix alloy, these are often known as “difficult-to-
machine” material. The failure of cutting tools while machining these composites is attributed mainly due to the 
presence of hard reinforcement particles. Hence in the present studies, it is aimed at the formulation of aluminum 
alloy-fly ash composites with varied particle content and subjecting them for intermittent facing operation using 
cryogenic treated and untreated K10 grade tungusten carbide inserts. 
2. Literature survey 
The cryogenic treatment is relatively simple process that involves a typical treatment cycle of around 48 hours 
and is based on the known principles of metallurgy. The process involves the well known cooling to sub zero 
temperature-soaking-bringing back to room temperature. Nitrogen in its gaseous form as the media, cryogenics 
simply takes the quench from ambient to new lows of -300°F  to -310°F and the phase is known as cool-down phase 
which runs in a 4 to 6 hour range. This is followed by a “soak” lasting around 24 hours. Once the soaking is 
achieved, and then follows the slow warming to room temperature from the cryogenic temperature up to room 
temperature in another 4 to 6 hours. It is believed that, carbide inserts under cryogenic treatment shrink slightly 
during the cool-down phase of the treatment, creating some plastic flow within the micro-voids in between the 
carbide and the binder. When the carbide returns to ambient temperature, it leaves compressive stresses on the 
surface of the voids. These compressive stresses, in turn, tend to counteract localized weakening caused by the voids, 
thereby resulting in an overall improvement in wear resistance [5-7]. While turning grey cast iron, cryogenic treated 
inserts exhibited improved performance than that of untreated inserts in terms of flank wear and surface finish [8-
11]. The effect of cryogenic cooling on tool wear and cutting forces, found to be less than that of dry cutting by 
14.83% and reduction of flank wear has been observed by 37.39% [12, 13]. Cryogenic treatment of TiN and AlCrN 
coated tungsten carbide inserts resulted better performance when compared to untreated inserts [14]. Improvement in 
hardness, wear resistence, toughness and dimensional stability observed by employing cryogenic treatment [15-16]. 
Cryogenic treatment improves mechanical properties like wear resistance, toughness and resistance to fatigue 
cracking due to the fact that transformation of retained austenite into stable martensite. This microstructure evolution 
induces the precipitation of very tiny carbides during the cryogenic treatment. The above review revealed that a 
limited number of research works was done on the effect of cryogenic treatment on the improvement of toughness. 
The aim of the present research work is therefore to investigate the effect of cryogenic treatment on toughness 
during intermittent facing of metal matrix composites. 
 
3. Experimental details 
3.1 Materials 
The base matrix and the reinforcing phase for the present studies selected were Al6061, and fly-ash, Table 1 and 
Table 2 are presented with the chemical composition of matrix and the reinforcing materials respectively.  
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Table 1: Chemical composition of Al6061  
Chemical 
Composition 
Mg Si Fe Cu Zn Ti Mn Cr Al 
% wt 0.84 0.62 0.23 0.22 0.1 0.1 0.03 0.22 rest 
Table 2: Chemical composition of Fly ash  
Chemical 
Composition 
SiO2 Al2O3 CaO MgO Fe2O3 SO3 K2O 
% wt 53.32 26.23 4.59 1.10 3.17 0.62 0.95 
3.2 Specimen Preparation and Characterization 
The fly ash particles were preheated before being introduced into the vortex and stirring of the molten composite 
were accomplished for 45 minutes at 50 rpm starrier speed. Pouring temperatures adopted were 7200C. The 
cylinders of diameter 40mm and length 100mm of Al6061containing varied filler fly-ash was obtained and was the 
work materials for intermittent facing operations. The liquid metallurgy technique with optimum care was taken and 
standard procedure was followed to obtain the cast composites. 
The test for hardness and density of the prepared cast matrix and their composite were carried out as per ASTM 
standards. The hardness of cast matrix Al6061 containing varied filler fly-ash composites were measured using 
KB3000H model Krystel Elmec make Brinell hardness Tester. The density of material, i.e. the ratio of weight to 
volume of the cast matrix and its composites containing fly ash were evaluated by Archimedes immersion method 
using water as the medium. Distribution of reinforcement was verified using JEOL model JSM 6380 Scanning 
Electron Microscope. Figure1, 2, and 3 respectively presents the HMT TL20 Lathe, turning tool holder and 
intermittent facing setup used for the experiments. 
 
 
 
Figure 1: HMT TL20 Lathe 
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Figure 2: Turning tool holder                             
 
.  
Figure 3: Intermittent facing setup  
3.3 Machining Parameters & Cutting tools 
The Kennametal make CGGN120304 inserts of ISO K10 grade was the cutting tool for intermittent facing 
operations. The Table 3 and 4 presents the machining parameters and details of tooling system respectively. The 
cutting tool edge condition was verified for micro chipping, macro chipping, comb cracks, transverse cracks, 
spalling of the cutting edge, built up edge and built up layer if any after every pass. Figure 4 and 5 are presented 
with microphotograph of untreated and cryogenically treated tungsten carbide inserts.  
Table 3: Machining parameters  
Factor level/variables 
Tool material K10 grade carbide 
Type of  tool Cryogenic Treated Untreated 
Cutting speed 220m/min 314m/min 446m/min 
Feed 0.06mm/rev 0.12mm/rev. 0.24mm/rev. 
Depth of cut 2.0 mm 
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Table 4: Details of K10 grade carbide cutting tool and tooling system  
Tool holder with designation  Al turning tool holder, 69 327 288 10 
Back rake angle 15° positive 
Side rake angle 5° positive 
End cutting edge angle 
Side cutting edge angle 
95° 
95° 
Lip angle 80° 
Nose radius 0.4mm 
 
 
Figure 4: Microphotograph of Carbide inserts Untreated. 
 
Figure 5: Microphotograph of Carbide inserts Cryogenic treated. 
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4. Result and Discussion 
4.1 Physical properties 
4.1.1 Hardness   
The hardness of cast Al6061 base matrix and their composites containing fly-ash are evaluated using Steel ball 
indenter of diameter 10mm and at an applied load of 5000N are presented in Table 5 and Figure 6.  
Table 5: Hardness of the cast Al6061 matrix and its composites of fly-ash 
Material  BHN 
Al6061 53.45 
Al6061+5% fly-ash 61.35 
Al6061+10% fly-ash 68.67 
Al6061+15% fly-ash 80.79 
 
 
Figure 6: Variation of hardness of the Al6061 composite with increased % Fly-ash 
From Figure 6, it can be observed that the hardness of the composite is greater than that of its cast matrix alloy 
and the hardness of composite increases with increased fly-ash content. Addition of fly- ash by 15% resulted in 
51.15% increase in hardness of the composite 
4.1.2 Density 
Table 6 and Figure 7 are presented with the predicted density values by rule of mixture and experimental density 
values of the cast Al6061 matrix and its composites containing fly-ash.  
Table 6: Variation of Density of cast Al6061 matrix and its composites 
Material  Density in g/cc 
Predicted Experimental 
Al6061 2.7 2.7 
Al6061+5% fly-ash 2.6 2.6 
Al6061+10% fly-ash 2.6 2.5 
Al6061+15% fly-ash 2.5 2.4 
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Figure 7: Comparison of predicted and measured density values of Al6061 and its composite containing fly-ash 
From Figure 7, it can also be observed that the measured and predicted density values are in line with each other 
and confirm the suitability of the liquid metallurgy techniques for the successful composite preparation. Further, it 
can be observed that, the density of the composites found lower than that of the Al6061 matrix material. The 
increase in percent fly-ash in the matrix Al6061further decreases the density of its composites. Thus it can be 
concluded that the addition of fly ash results in reducing the density of the composite, the addition fly-ash by 5% 
reduces the composite by 4.36% and that of 10% and 15% by 9.27% and 14.65%. 
4.1.3Micro structural characterization 
Figure 8 (a-d) presents the SEM microphotographs of as cast Al6061 base matrix and its composites with fly ash 
of 5-15% in steps of 5.  The SEM image confirms the presence of fly ash in the composites.  
 
 
 
Figure 8(a-d): SEM microphotographs of as cast (a) matrix and its composites with fly ash of (b) 5% (c) 10% and (d) 15%. 
 
b 
d 
a 
c 
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4.2 Tool life  
4.2.1 Tool life while machining Al6061matrix and its composites containing fly ash using tungsten carbide inserts  
 The tool life obtained in terms of number impacts taken by the tools before failure during intermittent facing of 
Al6061 and its composite containing Fly-ash are presented in this section for untreated and cryogenic treated K10 
grade carbide inserts.  
 
Table 7: Number of impacts before failure while machining Al6061casting and its composites containing filler 
fly-ash using untreated K10 grade tungsten carbide inserts.  
eed/ 
revolution 
Cutting speed 
m/min 
Number of impacts before failure while machining composites 
containing  % filler of 
0 5 10 15 
0.06  
220 126824 116421 111346 106698 
314 113710 108698 103662 102645 
446 99952 96954 94475 94131 
0.12  
220 76863 71142 70056 67686 
314 69875 64518 63567 59541 
446 65454 61276 60162 53229 
0.24  
220 45070 42825 42005 35876 
314 41652 39200 38166 34964 
446 39124 37056 36405 34211 
 
Table 8: Number of impacts before failure while machining Al6061casting and its composites containing filler 
fly-ash using cryogenic treated K10 grade tungsten carbide inserts. 
Feed/ 
revolution 
Cutting speed 
m/min 
Number of impacts before failure while machining composites 
containing  % filler of  
0 5 10 15 
0.06 mm 
220 185983 168643 157628 145257 
314 169914 153123 150123 136612 
446 154922 146202 145290 129128 
0.12 mm 
220 128690 102916 97663 89942 
314 117033 98418 94258 86897 
446 106402 94412 91371 84766 
0.24 mm 
220 88144 72133 69598 65461 
314 80246 69944 66347 61081 
446 72955 66126 62170 59992 
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Figure 9(p-x): Number of impacts before failure while intermittent facing composites with cryogenic treated and untreated K10 carbide inserts  
Comparison of number of impacts before failure while machining Al6061matrix and its composites containing 
varied filler percentage using untreated K10 carbide inserts is presented in Table 7 & Comparison of number of 
impacts before failure while machining Al6061matrix and its composites containing varied filler percentage using 
cryogenic treated K10 grade tungsten carbide inserts are presented in Table 8.  Figure 9 presents, number of impacts 
before failure while machining Al6061 matrix and its composites containing filler fly ash of 5-15 percent in steps of 
5 using cryogenic treated and untreated carbide inserts. From Figure’s 9(p-x), it can be observed that number of 
impacts before failure reduces with increased filler content for both cryogenic treated and untreated carbide inserts. 
The trend of the decrease in number of impacts while machining composites containing varied filler percentage with 
all feed rates observed significant. From Figure’s 9(p-x), it can also be concluded that lower feed and speed are 
more preferred for machining of Al6061 alloy and its composites of fly-ash under intermittent machining condition. 
However predominant improvement in impact life of cryogenic treated carbide inserts observed when compared to 
untreated carbide inserts at all cutting speed’s and feed’s. At 0.06 mm/revolution feed overall increase in tool life is 
about 33% to 55%, at 0.12mm/rev feed increase in tool life is about 33% to 67% and at 0.24mm/rev feed increase in 
tool life is about 65% to 95%. The cryogenic treated cutting tools found effective at higher feed rates.  
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Conclusion 
x Flank wear of cryogenic treated K10 grade tungsten carbide cutting tools found lower under identical 
cutting conditions and cryogenic treated K10 grade tungsten cutting tools performed better than untreated 
cutting tools. 
x The K10 grade tungsten carbide cutting tool wear during machining of composite with 15% Filler >10% 
Filler >5% Filler >0% Filler material observed.  
x Wear resistance of the Aluminum flyash as composite castings are higher when compared to Matrix 
material of grade Al6061 Aluminum alloy.  
x The cryogenic treated K10 grade tungsten carbide cutting tools found effective at 0.24mm/rev feed and 
increase in tool life is about 65% to 95%. 
x Cryogenic treatment can enable significant improvement in both productivity and product quality and 
hence overall machining economy offsetting the cost of cryogenic cooling. 
x The reason for increase in performance of cryogenic treated inserts are better than untreated inserts during 
intermittent facing of aluminum fly ash composites since cryogenic treated cutting tools has least molecular 
activity or  kinetic energy. 
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